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NATIONAL FOREWORD 

This Indian Standard (Part 5/Sec 26) which is identical with ISO 527-5 : 1997 'Plastics — 
Determination of tensile properties — Part 5 : Test conditions for unidirectional fibre-reinforced plastic 
composites' issued by the International Organization for Standardization (ISO) was adopted by the 
Bureau of Indian Standards on the recommendations of the Plastics Sectional Committee and 
approval of the Petroleum, Coal and Related Products Division Council. 

The text of ISO Standard has been proposed to be approved as suitable for publication as an Indian 
Standard without deviations. Certain conventions are, however, not identical to those used in Indian 
Standards. Attention is particularly drawn to the following: 

a) Wherever the words International Standard' appear referring to this standard, they should be read 
as Indian Standard'. 

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current practice is to use 
a point ( .) as the decimal marker. 



CROSS REFERENCES 



In this adopted standard reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards, which are to be substituted in their 
places, are listed below along with their degree of equivalence for the editions indicated. However, 
that International Standard cross-referred in this adopted ISO Standard, which has subsequently been 
revised, position in respect of that latest ISO Standard has been given: 



International Standard 

ISO 527-1 : 1993 Plastics — 
Determination of tensile properties — 
Part 1 : General principles 

ISO 527-4 : 1997 Plastics — 
Determination of tensile properties — 
Part 4 : Test conditions for isotropic and 
orthotropic fibre-reinforced plastic 

composites 

ISO 1268 : 1974 Plastics — Preparation 
of glass fibre reinforced, resin, bonded, 
low-pressure laminated plates or panels 
for test purposes 

ISO 2818 : 1994 Plastics — Preparation 
of test specimens by machining 



ISO 3534-1 : 1993 Statistics — 
Vocabulary and symbols — Part 1: 
Probability and general statistical terms 

ISO 9291 : 1996 Textile-glass-reinforced 
plastics — Rovings — Preparation of 
unidirectional panels by winding 



Corresponding Indian Standard 

IS 13360 (Part 5/Sec 1) : 1996 Plastics 
— Methods of testing: Part 5 Mechanical 
properties, Section 1 Determination of 
tensile properties — General principles 

Nil 



Nil 



IS 13360 (Part 2/Sec 4) : 1999 Plastics 
— Methods of testing: Part 2 Sampling 
and preparation of test specimens, 
Section 4 Preparation of test specimens 
by machining (first revision) 

Nil 



Nil 



Degree of 
Equivalence 

Identical 



Identical 



(Continued on third cover) 
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Indian Standard 
PLASTICS — METHODS OF TESTING 

PARTS MECHANICAL PROPERTIES 

Section 26 Determination of Tensile Properties — Test Conditions for 

Unidirectional Fibre-Reinforced Plastic Composites 



1 Scope 

1 .1 This part of ISO 527 specifies the test conditions for the determination of the tensile properties of unidirectional 
fibre-reinforced plastic composites, based upon the general principles given in part 1. 

1 .2 See ISO 527-1 , subclause 1 .2. 

1 .3 The test method is suitable for all polymer matrix systems reinforced with unidirectional fibres and which meet 
the requirements, including failure mode, set out in this part of ISO 527. 

The method is suitable for composites with either thermoplastic or thermosetting matrices, including preimpregnated 
materials (prepregs). The reinforcements covered include carbon fibres, glass fibres, aramid fibres and other similar 
fibres. The reinforcement geometries covered include unidirectional (i.e. completely aligned) fibres and rovings and 
unidirectional fabrics and tapes. 

The method is not normally suitable for multidirectional materials composed of several unidirectional layers at 
different angles (see ISO 527-4). 

1.4 The method is performed using one of two different types of test specimen, depending on the direction of the 
applied stress relative to the fibre direction (see clause 6). 

1 .5 See ISO 527-1 , subclause 1 .5. 



2 Normative references 

The following standards contain provisions which, through reference in this text, constitute provisions of this part of 
ISO 527. At the time of publication, the editions indicated were valid. All standards are subject to revision, and 
parties to agreements based on this part of ISO 527 are encouraged to investigate the possibility of applying the 
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid 
International Standards. 

ISO 527-1 :1 993, Plastics — Determination of tensile properties — Part 1: General principles. 

ISO 527-4:1997, Plastics — Determination of tensile properties — Part 4: Test conditions for isotropic and 
orthotopic fibre-reinforced plastic composites. 
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ISO 1268:t974, Plastics — Preparation of glass fibre reinforced, resin bonded, low-pressure laminated plates or 
panels for test purposes. 

ISO 2818:1994, Plastics — Preparation of test specimens by machining. 

ISO 3534-1 :1 993, Statistics — Vocabulary and symbols — Part 1: Probability and general statistical terms. 

ISO 9291:1996, Textile-glass-reinforced plastics — Rovings — Preparation of unidirectional panals by winding. 

3 Principle 

See ISO 527-1, clause 3. 

4 Definitions 

For the purposes of this part of ISO 527, the following definitions apply. 

4.1 gauge length: See ISO 527-1 , subclause 4.1 . 

4.2 speed of testing: See ISO 527-1 , subclause 4.2. 

4.3 tensile stress, o (engineering): See ISO 527-1 , subclause 4.3, except that a for type A specimens is defined 
as o\ and for type B specimens as cr 2 (see clause 6 for details of type A and B specimens). 

4.3.1 tensile strength, o^: See ISO 527-1, subclause 4.3.3, except that o^ for type A specimens is defined as 
0^11 and for type B specimens as 0^2- 

4.4 tensile strain, e: The increase in length per unit length of the original gauge length. 
For type A specimens, e is defined as £1 and for type B specimens as £2. 

It is expressed as a dimensionless ratio or in percent. 

4.5 tensile strain at tensile strength; tensile failure strain, £m: The tensile strain at the point corresponding to 
the tensile strength of the specimen. 

For type A specimens, £m is defined as £mi and for type B specimens as £m2- 

It is expressed as a dimensionless ratio or in percent. 

4.6 modulus of elasticity in tension; Young's modulus, E: See ISO 527-1, subclause 4.6, except that E for 
type A specimens is defined as E^ and for type B specimens as E 2 . 

The strain values used are as given in ISO 527-1, subclause 4.6, i.e. e' - 0,000 5 and f" = 0,002 5 (see figure 1), 
unless alternative values are given in the material or technical specifications. 

4.7 Poisson's ratio, /*: See ISO 527-1, subclause 4.7, except that for type A specimens /j£ is defined as /x 12 and 
n as M13» using the coordinates shown in figure 2. For type B specimens, fi b is defined as /i2i and Ma as M23- 

4.8 specimen coordinate axes: The coordinate axes for the material under test are defined in figure 2. The 
direction parallel to the fibres is defined as the "1 "-direction and the direction perpendicular to them (in the plane of 
the fibres) as the "2 w -direction. 

NOTE — The "1 "-direction is also referred to as the 0° or longitudinal direction and the ^"-direction as the 90° or transverse 
direction. 
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Strain, * 



(=0,000 5) (=0,002 5) 

Figure 1 — Stress-strain curve 




Figure 2 — Untdirectionlly reinforced plastic composite showing axes of symmetry 



5 Apparatus 

See ISO 527-1 , clause 5, except for the following: 

The micrometer or its equivalent (see 5.2.1) shall read to 0,01 mm or better. It shall have a suitable-size ball-ended 
anvil if used on irregular surfaces and a fiat anvil if used on flat, smooth (e.g. machined) surfaces. 

Subclause 5.2.2 does not apply. 

Care shall be exercised to ensure that the pressure exerted by the grips (see 5.1.3) is only sufficient to prevent the 
specimen slipping in the grip when loaded to failure. Excessive grip pressure may cause crushing of the specimen 
due to the low transverse strength of these materials. Hydraulic grips which can be set at a constant grip pressure 
are preferred. 

If strain gauges bonded to the specimen are used, the errors produced by the transverse effect on the transverse 
gauge will generally be much larger for anisotropic composites than for metals, which are isotropic. Accurate 
measurement of Poisson's ratio requires correction for this effect. 

NOTE — It is recommended that alignment of the specimen and loading train be checked as described in annex B, 
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6 Test specimens 

6.1 Shape and dimensions 

Two types of test specimen are specified for use with this part of ISO 527, depending on the direction of test relative 
to the fibre direction, as detailed and illustrated in figure 3. 

6.1.1 Type A specimen (for longitudinal direction) 

Type A specimens shall have a width of 15 mm ±0,5 mm, an overall length of 250 mm and a thickness of 

1 mm ± 0,2 mm. The sides of each individual specimen shall be parallel to within 0,2 mm. 

6.1 .2 Type B specimen (for transverse direction) 

Type B specimens shall have a width of 25 mm ± 0,5 mm, an overall length of 250 mm and a thickness of 

2 mm ± 0,2 mm. The sides of each individual specimen shall be parallel to within 0,2 mm. 

For type B specimens taken from filament-wound panels prepared using ISO 9291, a test specimen length of 
200 mm is acceptable. 

Tab-fibre 
orientation 



Tab 



T7^ 




3 



Fibre direction in 
type B specimen 



Zone covered by jaws 



£ 7 mm 




Fibre direction in 
type A specimen 



45* 



Specimen 



Zone covered by jaw s 




-Jaws 



Dimensions in millimetres 



L 3 Overall length 

L% Distance between end tabs 

b : Width 

h Thickness 

J^o Gauge length (recommended for extensometers) 

L Initial distance between grips (nominal) 

L T Length of end tabs 

hj Thickness of end tabs 



Type A 

250 
150 ±1 

15 ±0,5 

1±0,2 

50 ±1 

136 

5*50 

0,5 to 2 



Type B 

250 1) 
150 ±1 
25 ± 0,5 
2 + 0,2 
50 ±1 
136 
>50D 
0,5 to 2 



NOTE — Requirements on specimen quality and parallelism are given in clause 6. 

1) For specimens taken from filament-wound panels prepared using ISO 9291, an overall specimen length of 200 mm is acceptable, with an 
end-tab length of 25 mm. 



Figure 3 — Type A and type B specimens 
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6.2 Preparation of specimens 

6.2.1 General 

In the case of moulding and lamination materials, prepare a panel in accordance with ISO 1268 or another 
specified/agreed procedure. Cut individual specimens, or groups of specimens (see annex A), from the test panel. 

In the case of finished products (for example, for quality control during manufacture or on delivery), take specimens 
from flat areas. 

Take all specimens with their axis within 0,5° of the mean fibre axis. 

Parameters for machining specimens are specified in ISO 2818. Further guidance on cutting specimens is given in 
annex A. 

6.2.2 End tabs 

The ends of the specimen shall be reinforced with end tabs, preferably made of cross-ply or fabric £lass-fibre/resin 
laminate with the fibres at ± 45° to the specimen axis. The tab thickness shall be between 0,5 mm and 2 mm, with a 
tab angle of 90° (i.e. not tapered). 

Alternative tabbing arrangements are permissible, but shall be shown, before use, to give at least equal strength 
and no greater coefficient of variation (see ISO 527-1, subclause 10.5, and ISO 3534-1) than the recommended 
tabs. Possible alternatives include tabs made from the material under test, mechanically fastened tabs, unbonded 
tabs made of rough materials (such as emery paper or sandpaper, and the use of roughened grip faces). 

If the test is carried out on untabbed specimens, the distance between the grips shall be the same as that between 
tabs of made of rough tabbed specimens. 

6.2.3 Application of end tabs 

Bond the end tabs to the specimen with a high-stretch adhesive as described in annex A. 
NOTE — The same procedure can be used for individual specimens and for a group of specimens. 

6.3 Gauge marks 

See ISO 527-1 , subclause 6.3. 

6.4 Checking the specimens 

See ISO 527-1, subclause 6.4. 

7 Number of specimens 

See ISO 527-1, subclauses 7.1 and 7.3 (subclause 7.2 does not apply). 

8 Conditioning 

See ISO 527-1 , clause 8. 

9 Procedure 

9.1 Test atmosphere 

See ISO 527-1, subclause 9.1. 
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9.2 Measurement of specimen dimensions 

See ISO 527-1, subclause 9.2, except that the thickness shall be measured to the nearest 0,01 mm and notes 3 
and 4 do not apply. 

9.3 Clamping 

See ISO 527-1 , subclause 9.3. Insert the end tabs so that they are ^ 7 mm inside the grip as shown in figure 3. 

9.4 Prestresses 

See ISO 527-1 , subclause 9.4. 

9.5 Setting of extensometers and strain gauges and placing of gauge marks 

See ISO 527-1 , subclause 9,5. Measure the gauge length to an accuracy of 1 % or better. 

9.6 Test speed 

The test speed for type A specimens shall be 2 mm/mih and for type B specimens 1 mm/min. 

9.7 Recording of data 

See ISO 527-1, subclause 9.7. 

10 Calculation and expression of results 

See ISO 527-1, clause 10, except that the definitions given in clause 4 of this part of ISO 527 apply and strain 
values shall be reported to three significant figures. 

1 1 Precision 

The precision of this test method is not known because interlaboratory data are not yet available. Interlaboratory 
date are being obtained and a precision statement will be added at the next revision. 

12 Test report 

The test report shall include the following information: 

a) a reference to this part of ISO 527, including the type of specimen and the test speed, written in the following 
format: 

Tensile test ISO 527-5/A/2 
Type of specimen 



Test speed in millimetres per minute - 



b) to q) see (SO 527-1, clause 12, b) to q), including fibre type, fibre content and fibre geometry (e.g. unidirectional 
tape) in 12b). 
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Annex A 

(normative) 

Specimen preparation 



A.1 Machining the specimens 

In all cases take the following precautions: 

— Avoid working under conditions that would create a large build-up of heat in the specimen (the use of a coolant 
is recommended). If a liquid coolant is used, dry the specimens immediately after machining. 

— Check that all cut surfaces of the specimen are free from machining defects. 



A.2 Preparation of specimens with bonded end tabs 

A recommended method is as follows: 

Cut out from the material under test a sheet having the length of the intended specimens and of a width suitable for 
the number of specimens required. 

The mean fibre axis can be determined by splitting the edge of the test panel and examining the fibres, repeating 
the operation every few specimens to confirm the direction. If splitting does not give a clean edge due to 
misalignment between plies or layers, the panel shall not be used unless it represents a particular product or the 
result of a particular process. 

Cut out rectangular strips of the required length and width for the tabs. Attach the strips to the sheet as follows: 

a) If required, rub with fine abrasive paper or blast with suitable sand all the surfaces to which adhesive will be 
applied. 

b) Remove all dust from these surfaces and clean them with a suitable solvent. 

c) Bond the strips in place along the ends of the sheet, parallel to each other and normal to the length direction of 
the specimens, as shown in figure A.1, using a high-stretch adhesive and strictly following the adhesive 
manufacturer's instructions. 

NOTE — It is recommended that a film adhesive with a thin carrier be used. The adhesive should preferably have a 
shear strength greater than 30 MPa. It is desirable that the adhesive used be flexible in nature, with an elongation at break 
greater than that of the material under test. 

d) Keep the bonded parts at the pressure and temperature recommended by the adhesive manufacturer for the 
time recommended by the manufacturer. 

e) Cut the sheet, together with the strips constituting the end tabs, into test specimens (see figure A.1). 
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Trimmed to waste 



Figure A.1 — Tabbed panel for specimen preparation 
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Annex B 

(informative) 

Alignment of specimens 



it is recommended that the alignment of the tensile-testing machine and the test specimen be checked at the centre 
of the gauge length using a strain-gauged coupon of the same material as is to be tested. Use a device or 
procedure which ensures that specimens are positioned in the grips in a repeatable manner. Strain-gauge the 
coupon as shown in figure B.1, attaching two gauges (SG1, SG2) to one face of the coupon approximately, one- 
eighth of the specimen width from the edge and midway between the tabs and attaching a third gauge (SG3) on the 
centreline of the opposite face also midway between the tabs. 

Compare the output of the gauges at the mid-point of the strain range used to measure Young's modulus, i.e. at 
0,001 5 for the strain values given in 4.6. Using equations (B.1) and (B.2), calculate the bending strain, expressed 
as a percentage, in the width (Bb) and thickness (B h ) directions, respectively. 



4e? - e-J 

B b =~^ ±1x100 

3e au 



(B.1) 



B h =^ — f5i x 100 



(B.2) 



where 

e), eg and €q are the strains recorded by strain gauges SG1 , SG2 and SG3, respectively; 



®av — 



®2 e 3 



4 4 2 
Finally, ensure that the bending strains satisfy the condition given in inequality (B.3): 

B b + B h ^ 3,0 % ... (B.3) 

NOTES 

1 The use of further strain gauges next to the grips are necessary to fully check all sources of misalignment. 

2 The alignment of individual specimens can be checked in the width direction using a dip-on extensometry with a 
longitudinal-strain output for each edge of the specimen. 




SG1 . I 

6-4 



SG1 and SG2 



SG2 



SG3 



a) Front view b) Side view 

Figure B.1 — Strain-gauge locations (SG1, SG2 and SG3) for system alignment check 



{Continued from second covet) 

In case of ISO 527-4 : 1997, ISO 1268 : 1974, ISO 3534-1 : 1993 and ISO 9291 : 1996, the committee 
responsible for the preparation of this standard took cognizance of these Standards and decided that 
they are acceptable for use in conjunction with this standard. 

For tropical countries like India, the Standard temperature and the relative humidity shall be taken as 

27 ± 2°C and 65 ± 5 percent respectively. 

In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for 
rounding off numerical values (revised) 1 . 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of 
goods and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any 
form without the prior permission in writing of BIS. This does not preclude the free use, in the course 
of implementing the standard, of necessary details, such as symbols and ^izes, type or grade 
designations. Enquiries relating to copyright be addressed to the Director (Publication), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also 
reviewed periodically; a standard along with amendments is reaffirmed when such review indicates that 
no changes are needed; if the review indicates that changes are needed, it is taken up for revision. 
Users of Indian Standards should ascertain that they are in possession of the latest amendments or 
edition by referring to the latest issue of 'BIS Catalogue 1 and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc: No. PCD 12 (1765). 

Amendments Issued Since Publication 



Amend No. 



Date of Issue 



Text Affected 



BUREAU OF INDIAN STANDARDS 
Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 1 10002 
Telephones: 2323 01 31 , 2323 3375, 2323 9402 

Regional Offices: 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg 
NEW DELHI 110002 

Eastern : 1/14 C.I.T. Scheme VII M, V.I.R Road, Kankurgachi 
KOLKATA 700054 

Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160022 
Southern : C.I.T Campus, N Cross Road, CHENNAI 600113 



Western 



Branches 



Manakalaya, E9 MIDC, Marol, Andheri (East) 
MUMBAI 400093 



Telegrams: Manaksanstha 
(Common to all offices) 

Telephone 

r 2323 7617 
12323 3841 

r2337 8499, 2337 8561 
12337 8626,2337 9120 

f 60 3843 
160 9285 

j-2254 1216, 2254 1442 
12254 2519,2254 2315 

r 2832 9295, 2832 7858 
12832 7891,2832 7892 



AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. 
GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. 
NALAGARH. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. VISAKHAPATNAM. 



Printed at Simco Printing Press, Delhi 



